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should be through a competition mechanism, where hydrazine competes with the
hydrazine group of 4.10 for the benzylaldehyde. Compound 4.11 reacts with nitrous acid
to form a 2-azido pyrimidine 4.12 (Lindsay and Allen, 1942). This azide compound 4.12
reacted with commercially available 5-methyl-1-hexyn-3-ol through Huisgen

cycloaddition to form the compound 4.13, which has a 1,2,3,-triazole ring attached at the

Scheme 4.6: Synthesis of hybrid dimer 4.13
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2-position of the pyrimidine ring.

Again, compound 4.13 is as polar as compound 4.6, both are more polar than the

pyrimidine dimers that we have synthesized.

4.2.4 Evaluation 1,2,3-triazole ring as a fragment in our scaffold

So far, we have proven the possibility of attaching 1,2,3-triazole ring to both 2-
position (top) and 5-position (bottom) of a pyrimidine ring. Both compounds 4.6 and
4.13 are significantly more polar than the other pyrimidine dimers that we have
previously synthesized. Unfortunately, we failed all the attempts to attach iodine at the 5-
position of 4.13 (Shepherd and Fellows, 1948), (Beierlein et al., 2008), (Guillard and
Viaud-Massuard, 2008), thus no trimer of this series has been synthesized yet. The
failure of this reaction might be the result of the switch from the electron-donating group

NH; to electron-withdrawing 1,2,3-triazole ring.

Nevertheless, the 1,2,3-triazole ring incorporation showed promising result
toward our goal of water-soluble non-peptidic a-helical mimetic library design and

synthesis.

4.3  Results and Discussion for introducing amino acids to the scaffold

4.3.1 Possibility of introducing amino acids to the scaffold

Even though most of the libraries that have been developed so far feature three
flat rings (mostly aromatic) that have been attached linearly (Figure 2.1) (Yin et al.,

2005a), (Davis et al., 2005), (Moisan et al., 2008), (Volonterio et al., 2007), this might
101



not be an essential requirement to this series of non-peptidic co-helical mimetics.
Computational studies showed that the side chain of the 2-amino acid on the pyrimidine

ring is at the right position, 1 + 7 (Figure 4.2).

/ GOOH
1

1—1'N)\R1

Rq

Ry Ry
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Figure 4.2: Trimer with an amino acid in the scaffold fitting the abstract scaffold

There are several advantages of introducing an amino acid to the scaffold. Its side
chain is in the right position; introduction of amino acid will not increase the overall
lipophilicity of the molecule (it should decrease the lipophilicity for amino acids do not
contain the aromatic system in the backbone), and the nitrogen carbon bond that connects
the amino acid to the pyrimidine ring will not be labile like the peptide bond. Most
importantly, it is very convenient to introduce an amino acid to the pyrimidine ring by
aromatic substitution reactions; thus the introduction of amino acids to the scaffold fits

our need to simplify the synthesis.

4.3.2 Testing of the new scaffold
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Again, we would like to keep the second fragment of our scaffold a pyrimidine
ring. This is because it is relatively easy to introduce new groups to the 2- and 5-
positions of 4-alkyl pyrimidines. Between the 2- and 5-position, we decided to put the

amino acids in the 2-position.

For the third fragment of our scaffold, we decided to use a 1,2,3-triazole, because
of its promising properties that we have proven before. The pyrimidine ring will have an
electron-donating nitrogen atom at the 2-position, so it would be possible to connect a

1,2,3-triazole ring to the 5-position.

Our new scaffold is shown in Figure 4.3.

[ jOOH COOH
HNT TR, HN™ "R,
N)\|N
p— A R2
R2 N AN
_N\
Rs

Figure 4.3: Possible conformation of the new scaffold

4.3.3 Retrosynthesis of the trimer
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The target molecule g could be synthesized from the dimer h using the method
developed (Scheme 4.7). Compound h could, in turn, be synthesized from the 2-chloro-

4-alkyl-pyrimidine i.

Scheme 4.7: Retrosynthesis of the hybrid trimer

Unfortunately, compound i is relatively challenging to synthesize. For the two
methods that we have tried (Scheme 4.8), neither one gave us promising results. We first
tried the diazonium salt route to convert a NH, group to a chloride compound 4.14
(Dhanda et al., 1999). This method gave us about a 30% yield, with a lot of starting
material remaining. In the other route, we attempted to react aminocyanogen with HCI
gas to produce chloroamidine hydrochloride 4.15 in about a 30% yield (Henderson et al.,
2006). Then we condensed the chloroamidine 4.15 with the o,p-unsaturated o-
cyanoketone 2.3d to form the 2-chloropyrimidine 4.16. The second step has a 40% yield,

so the overall yield to prepare 4.16 is around 12%.

In summary, neither one of methods that have been tried provided us promising

results to pursue.
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Scheme 4.8: Synthesis of the 2-chloro-pyrimidine ring

N~ N i N)\N
W - W
NS NS
CN CN
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H,N—CN —
2 Ho,NTSNH - Hel N7 N
W\
CN
4.15 4.16

i) SbCI3, iso-pentyl nitrite, CHCI3, 0°C to -> reflux, 7 h; ii) HCI (g), Et20,
5 h; iii) 2.3d, TEA, 1,4-dioxane, reflux, 12 h

4.3.4 Modification of the new target scaffold and the retrosynthesis route

Some of the molecules that have been developed so far used ether groups instead
of alkyl group as the side chains to mimic the side chains of a-helices (Figure 2.1) (Ernst
et al., 2003), (Estroff et al., 2004), (Yin et al., 2005b). If we modify our target molecule
from g to 9> (Scheme 4.9), the overall geometry of the molecule should not be changed,

but the synthesis is greatly simplified.

Target molecule g” could be synthesized from the dimer h’, using the strategy that
has been well developed (Scheme 4.2). The extra oxygen atom at the 4-position of the
pyrimidine ring can further help the iodination reaction of the h’ molecule. The dimer h’
could be synthesized by nucleophilic aromatic substitution reaction one step from the

monomer i’. Because of the reactivity difference between the two chlorine atoms on the
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commercially available molecule 2,4-dichloropyrimidine, the 4-chloride could be

substituted selectively at room temperature to make the monomer i’.

Scheme 4.9: Modification of the target molecule
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4.3.5 Synthesis of the trimer 4.21

The synthesis is shown in Scheme 4.10. Benzyl alcohol was deprotonated using
sodium hydride, it replaced the 4-chloride of the 2,4-dichloropyrimidine at room
temperature (Irie et al., 2008). Trace amounts of 2,4-dibenzyloxylpyrimidine product

could be detected, but the mono-substitution reaction product 4-benzyloxylpyrimidine
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Scheme 4.10: Synthesis of trimer 4.22
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i) benzyl alcohol, NaH, DMF/THF, 0°C to r.t., 24 h; ii) L-Leucine methyl ester,
hydrochloride, NaOMe, MeOH, m.w., 155°C, 60 min; iii) I,, Hg(OAc),, 1,4-dioxane/H,0,
90°C, 2 h; iv) HC=CSi(CHj3)3, Pd(PPhj3),,Cul, Et3N, ACN, reflux, 2h; then TBAF, THF
0°C, 10 h; v) 4.18, CuSQ,4-5H,0, (+)-Sodium L-ascorbate, tert-BuOH/H,O,r.t., 24 h; vi)
K,CO3, CuS0O,4-5H,0, MeOH, 12 h

107



4.17 was the predominate product, with a yield of 78%. Then, a free amino group of an
amino acid replaced the 2-chloride at 155 °C under microwave irradiation (Humphries et
al., 2009). The yield of this step is relatively low; fortunately, there is no side reaction
occurring, allowing us to recover most of the starting material left over. Next, an
iodination reaction gave us compound 4.19 in good yield. Subsequently, Sonogashira
reaction coupled an ethynyltrimethylsilane to the dimer. We did not use 2-methyl-3-
butyn-2-ol here, because although we could couple it to our dimer, the potassium
hydroxide that was used to deprotect the acetone group in the next step also reacted with
another part of the molecule. Therefore, we chose TMS protected acetylene, and then
took the TMS group off by TBAF under mild conditions to synthesize the acetylene half

4.20.

For the azide reactant, we could very well use the benzyl azide 4.7 previously
synthesized. But we decided to test the compatibility of azide derivatives of amino acids
with our scafford. The azide derivative of valine 4.22 was synthesized by a reported
procedure (Goddard-Borger and Stick, 2007), using 1H-imidazole-1-sulfonyl azide as the

azide source, potassium carbonate as base, and copper sulfate pentahydrate as catalyst.

The Huisgen cycloaddition between acetylene 4.20 and azide 4.22 went very well,

getting almost quantitative yield.

4.3.6 Properties of the timer 4.21

Trimer 4.21 has greatly improved water solubility when compared to compound

2.8, and 3.10. Also, trimer 4.17 is synthetically the easiest to prepare among the three
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trimer scaffolds (2.8, 3.10, and 4.17) that we have developed; its synthesis involves seven
steps, six of which are excellent yielding reactions. Due to the good water solubility as
well as its amenability to library-synthesis, the scaffold of trimer series 4.17 appears to be
the most promising o-helix mimetics. The bio-activity of compound 4.17 against

pS3/MDM and Bcl-x;. are currently under investigation.

4.4  Biological testing of 4.6 and 4.13

Dimer compounds 4.6 and 4.13 was tested in Enzyme-linked immunosorbent
assay (ELISA) assay against p53/MDM?2 interaction (Figure 4.4, 4.6 in blue, 4.13 in

yellow).
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Figure 4.4: Elisa results of 4.6 and 4.13
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Dimer 4.13 showed promising results at lower concentration. But its activity
remained unchanged after certain concentration. This indicates that there might still be a

solubility problem. Dimer 4.6 also showed some activity against p5S3/MDM2.

Considering the sizes of 4.6 and 4.13, we can conclude that our non-peptidic a-
helical scaffolds are properly designed. The activities of trimer 4.21 are under

investigation.

4.5 Conclusion

The work shown in this chapter provide a new generation of non-peptidic -
helical mimetics. There are three basic principles that are leading our design. The side
chains of our designed molecules should act as mimetics of the side chains of an a-helix.
Second, our molecules should possess improved water solubility. Third, the molecules
should be easy to synthesize to generate a focused library. Based on those three criteria,
we introduced the 1,2,3-triazole rings and amino acids into the scaffold, and those two
scaffold segments showed very promising properties towards the principle. Our target
molecule has been redesigned, and one analog 4.21 has synthesized. The synthesized
molecule is now under biological testing to check bio-activities against p53/MDM and

Bak/Bcl-xy.

4.6  Experimental Section

1-(Dimethylamino)-4-methylpent-1-en-3-one (4.1)
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To a solution of commercially available 1,1,1-trifluoro-5-methyl-2,4-hexanedione (7.7
mmol) in THF (5 ml) under argon atmosphere was added DMF-DMA (10.0 mmol). The
reaction mixture was stirred overnight. The reaction mixture was concentrated under
reduced pressure to afford the crude product as brown solid. Purification by flash column
chromatography on silica gel (ethyl acetate/hexanes, 4:1) affords 4.1 as a colorless oil
(0.84 g, 77%). 'H NMR (400 MHz, CDCl3) ppm 1.07 (dd, J = 6.9, 1.7 Hz, 6H), 2.46—
2.59 (m, 1H), 2.81 (br s, 3H), 3.00 (br s, 3H), 5.02 (d, J = 12.6 Hz, 1H), 7.54 (d, J = 12.6

Hz, 1H). C NMR (100 MHz, CDCl3) ppm 19.8, 37.2, 39.8, 44.9, 93.9, 152.7, 202.5.

4-iso-Propylpyrimidin-2-amine (4.2)

To a solution of 4.1 (5.1 mmol) and guanidine hydrochloride (25.3 mmol) in anhydrous
ethanol (10 mL) under argon atmosphere was added triethylamine (25.3 mmol). The
reaction mixture was stirred in reflux for 24 h. The reaction mixture was then
concentrated under reduced pressure. The residue was extracted between DCM and
water. The organic layer was dried over sodium sulfate, and the solvent was removed

under reduced pressure to afford the crude product as a yellow oil. Purification by flash
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column chromatography on silica gel (ethyl acetate/hexane, 2:1) affords 4.2 as a white
solid (0.41 g, 58%). 'H NMR (400 MHz, CDCl3) ppm 1.22 (d, J = 7.0 Hz, 6H), 2.77
(hept, J = 6.9 Hz, 1H), 5.09 (br. s, 2H), 6.49 (d, J = 5.2 Hz, 1H), 8.17 (d, J = 5.2 Hz, 1H).

13C NMR (100 MHz, CDCl3) ppm 21.9, 36.1, 108.6, 158.3, 163.1, 177.4.

5-lodo-4-isopropylpyrimidin-2-amine (4.3)

A suspension of 4.2 (0.4 mmol) and mercury(II) acetate (0.2 mmol) in water (4 mL), was
heated to be boiling for 2 min, and a hot solution of iodine (0.4 mmol) in 1,4-dioxane (4
mL) was added. The reaction mixture was stirred at 100 °C for 30 min. After the
reaction, a mixture of potassium iodide and sodium sulfite was added to the reaction
mixture, and the mixture was stirred overnight. The reaction mixture was then
concentrated under reduced pressure. The residue was extracted between DCM and
water. The organic layer was dried over sodium sulfate, and the solvent was removed
under reduced pressure to afford the crude product as a yellow oil. Purification by flash
column chromatography on silica gel (ethyl acetate/hexane, 1:3) affords 4.3 as a yellow
solid (68 mg, 65%). 'H NMR (400 MHz, CDCls) ppm 1.17 (d, J = 6.8 Hz, 6H), 3.19
(hept, J = 6.7 Hz, 1H), 5.31 (br. s, 2H), 8.37 (s, 1H). "*C NMR (100 MHz, CDCl;) ppm
21.0, 37.5, 81.1, 162.7, 164.9, 176.1. HRMS (ESI) calcd. for C;H;(IN; [M + H]

263.9992, found 264.0174.
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4-(2-Amino-4-isopropylpyrimidin-5-yl)-2-methylbut-3-yn-2-ol (4.4)

NH,

OH

To a solution of 4.3 (0.3 mmol) and 2-methyl-3-butyn-2-ol (0.3 mmol) in anhydrous
acetonitrile (5 mL) under argon atmosphere was added
tetrakis(triphenylphosphine)palladium(0) (0.009 mmol), copper(I) iodide (0.02 mmol)
and triethylamine (1.5 mL). The reaction mixture was stirred under reflux for 20 h. The
reaction mixture was then concentrated under reduced pressure. The residue was
extracted between ethyl acetate and water. The organic layer was washed with brine,
dried over sodium sulfate, and the solvent was removed under reduced pressure to afford
the crude product as a yellow oil. Purification by flash column chromatography on silica
gel (ethyl acetate/hexane, 2:1) affords 4.4 as a white solid (40 mg, 73%). HRMS (ESI)

caled. for C1oH7N30 [M + H]™ 220.1444, found 220.1497.

5-Ethynyl-4-isopropylpyrimidin-2-amine (4.5)
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To a solution of 4.4 (0.1 mmol) in toluene (5 mL) was added was added potassium
hydroxide (0.5 mmol). The reaction mixture was stirred at 70 °C for 3 h. The reaction
mixture was then concentrated under reduced pressure. The residue was extracted
between dichloromethane and saturated ammonium chloride aqueous solution. The
organic layer was dried over sodium sulfate, and the solvent was removed under reduced
pressure to afford the crude product as a yellow oil. Purification by flash column
chromatography on silica gel (ethyl acetate/hexane, 1:2) affords 4.5 as a colorless oil (11

mg, 75%).

5-(1-Benzyl-1H-1,2,3-triazol-4-yl)-4-isopropylpyrimidin-2-amine (4.6)

To a solution of 4.4 (0.1 mmol) and benzyl azide 4.7 (0.1 mmol) in tert-butanol (2 mL)
was added a solution of (+)-sodium L-ascorbate (0.1 mmol) in water (1 mL), and then a
solution of copper(Il) sulfate pentahydrate (0.01 mmol) in water (1 mL). The reaction
mixture was stirred at room temperature for 24 h. The reaction mixture was then
concentrated under reduced pressure. The residue was extracted between ethyl acetate
and water. The organic layer was washed with brine, dried over sodium sulfate, and the
solvent was removed under reduced pressure to afford the crude product as a yellow oil.

Purification by flash column chromatography on silica gel (ethyl acetate/hexane, 2:1)
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affords 4.6 as a white solid (14 mg, 70%). 'H NMR (400 MHz, CDCls) ppm 1.19 (d, J =
6.7 Hz, 6H), 3.24-3.36 (m, 1H), 5.07 (br. s, 2H), 5.59 (s, 2H), 7.30-7.44 (m, 5H), 7.47 (s,
1H), 8.33 (s, 1H). *C NMR (100 MHz, CDCl3) ppm 21.6, 29.9, 31.8, 54.5, 121.6, 128.3,

129.4, 134.7, 144.0, 158.4, 162.8, 174.7.

Benzyl azide (4.7)

o

Sodium azide (10.0 mmol) was dissolved in DMSO (20 mL) and the solution was stirred
at room temperature for 12 h. To this solution was added benzyl bromide (5.0 mmol).
The reaction mixture was stirred at room temperature for 4 h. The reaction mixture was
then concentrated under reduced pressure using the Biotage V10. The residue was
extracted between diethyl ether and water. The organic layer was washed with brine,
dried over sodium sulfate, and the solvent was removed under reduced pressure to afford
the crude product as a colorless oil. Purification by flash column chromatography on

silica gel (ethyl acetate/hexane, 1:20) affords 3.6 as a colorless oil (0.47 g, 71%).

2-Benzylidenehydrazinecarboximidamide hydrochloride (4.8)

e
HNT X

A

H,N” NH- HCl

To a solution of aminoguanidine hydrochloride (1.1 mmol) in ethanol (2 mL) was added

benzaldehyde (1.0 mmol). The reaction mixture was placed in a microwave reactor for
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10 min. at 160 °C. The reaction mixture was then concentrated under reduced pressure to

afford the intermediate 4.8, which was used in the next step without further purification.

4-(Dimethylamino)but-3-en-2-one (4.9a)

)J\/\N/
|
The mixture of acetone (6.8 mmol) and DMF-DMA (6.8mmol) was stirred under reflux

for 16 h. The reaction mixture was then concentrated under reduced pressure to afford

4.9a as a yellow solid, which was used in the next step without further purification.

1-(Dimethylamino)-4-methylhex-1-en-3-one (4.9b)

The mixture of commercially available 3-methyl-2-pentanone (8.1 mmol) and DMF-
DMA (10.4 mmol) was stirred at 85 °C for 16 h. The reaction mixture was then
concentrated under reduced pressure to afford 4.9b as a yellow solid, which was used in
the next step without further purification. 'H NMR (400 MHz, CDCl;) ppm 0.81 (t, J =
7.4 Hz, 3H), 1.01 (d, J = 6.9 Hz, 3H), 1.32 (td, J = 14.0, 7.0 Hz, 1H), 1.60 (dq, J = 22.2,
7.4 Hz, 1H), 2.29 (dq, J = 13.8, 6.9 Hz, 1H), 2.87 (s, 6H), 4.98 (d, J = 12.6 Hz, 1H), 7.50

(d,J =12.6 Hz, 1H).

1-Cyclopropyl-3-(dimethylamino)prop-2-en-1-one (4.9c)
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The mixture of commercially available cyclopropyl methyl ketone (10.1 mmol) and
DMF-DMA (13.4 mmol) was stirred at 85 °C for 16 h. The reaction mixture was then
concentrated under reduced pressure to afford 4.9c as a yellow solid, which was used in
the next step without further purification. 'H NMR (400 MHz, CDCl;) ppm 0.70-0.77
(m, 2H), 0.96-1.03 (m, 2H), 1.70 (br. s, 3H), 1.74-1.84 (m, 1H), 5.19 (d, J = 12.6 Hz,

1H), 7.55 (d, J = 12.6 Hz, 1H).

3-(Dimethylamino)-1-phenylprop-2-en-1-one (4.9d)

The mixture of commercially available acetophenone (4.3 mmol) and DMF-DMA (5.6
mmol) was stirred at 85 °C for 16 h. The reaction mixture was then concentrated under
reduced pressure to afford 4.9d as a yellow solid, which was used in the next step without
further purification. 'H NMR (400 MHz, CDCls) ppm 2.92 (br. s, 3H), 3.14 (br. s, 3H),
5.71 (d, J = 12.4 Hz, 1H), 7.34-7.49 (m, 3H), 7.80 (d, J = 12.4 Hz, 1H), 7.86-7.92 (m,

2H).

2-(2-Benzylidenehydrazinyl)-4-phenylpyrimidine (4.10)
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To a solution of 4.8 (4.5 mmol) in anhydrous ethanol (3 mL) was added 4.9d (4.4 mmol).
The reaction mixture was placed in a microwave reactor for 2 h at 155 °C. The reaction
mixture was then concentrated under reduced pressure. The residue was extracted
between dichloromethane and water. The organic layer was dried over sodium sulfate,
and the solvent was removed under reduced pressure to afford the crude product as a
yellow solid.  Purification by flash column chromatography on silica gel (ethyl
acetate/hexane, 1:3) affords 4.10 as a yellow solid (0.76 g, 64%). 'H NMR (400 MHz,
CDCl;) ppm 7.20 (d, J = 5.2 Hz, 1H), 7.30-7.39 (m, 3H), 7.45-7.53 (m, 3H), 7.70 (d, J =
6.7 Hz, 2H), 7.79 (s, 1H), 8.08 (dd, J = 6.5, 2.9 Hz, 2H), 8.58 (d, J= 5.1 Hz, 1H), 9.27 (s,
1H). *C NMR (100 MHz, CDCls) ppm 109.6, 127.4, 127.4, 128.8, 129.1, 131.2, 134.4,

137.0, 142.7, 159.4, 160.2, 165.7.
2-Hydrazinyl-4-phenylpyrimidine (4.11)

HN 2
N N

'K/K©

118



To a solution of 4.10 (0.1 mmol) in ethanol (5 mL) was added hydrazine hydrate (5 mL).
The reaction mixture was stirred under reflux for 12 h. The reaction mixture was then
concentrated under reduced pressure to afford 4.11 as a yellow oil, which was used in the

next step without further purification.

2-Azido-4-phenylpyrimidine (4.12)

To a solution of 4.11 (0.1 mmol) in acetic acid (0.5 mL) was added a solution of sodium
nitrite (0.7 mmol) in water (0.5 mL). The reaction mixture was stirred at room
temperature for 24 h. The reaction mixture was then concentrated under reduced
pressure. The residue was extracted between dichloromethane and sodium bicarbonate
saturated aqueous solution. The organic layer was dried over sodium sulfate, and the
solvent was removed under reduced pressure to afford the crude product as a yellow oil.
Purification by flash column chromatography on silica gel (ethyl acetate/hexane, 1:5)
affords 4.12 as a white solid (16 mg, 57%). 'H NMR (400 MHz, CDCl;) ppm 7.47 (d, J
= 5.3 Hz, 1H), 7.49-7.57 (m, 3H), 8.11 (dd, J = 7.4, 1.9 Hz, 2H), 8.63 (d, J = 5.2 Hz,
1H). *C NMR (100 MHz, CDCl3) ppm 112.7, 127.5, 129.3, 131.9, 135.8, 159.8, 166.4.

HRMS (ESI) calcd. for C;oH7Ns [M + H]" 198.0774, found 198.0808.

3-Methyl-1-(1-(4-phenylpyrimidin-2-yl)-1H-1,2,3-triazol-4-yl)butan-1-ol (4.13)
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To a solution of 4.12 (0.1 mmol) and commercially available 5-methyl-1-hexyn-3-ol (0.1
mmol) in tert-butanol (2 mL) was added a solution of (+)-sodium L-ascorbate (0.1 mmol)
in water (1 mL), and then a solution of copper(Il) sulfate pentahydrate (0.03 mmol) in
water (I mL). The reaction mixture was stirred at room temperature for 24 h. The
reaction mixture was then concentrated under reduced pressure. The residue was
extracted between ethyl acetate and water. The organic layer was washed with brine,
dried over sodium sulfate, and the solvent was removed under reduced pressure to afford
the crude product as a yellow oil. Purification by flash column chromatography on silica
gel (ethyl acetate/hexane, 3:1) affords 4.13 as a white solid (14 mg, 70%). 'H NMR (400
MHz, CDCls) ppm 0.95 (d, J = 6.3 Hz, 6H), 1.72—-1.86 (m, 3H), 5.06 (dd, J = 8.3, 4.7 Hz,
1H), 7.48—-7.54 (m, 3H), 7.71 (d, J= 5.3 Hz, 1H), 8.14 (dd, J = 7.8, 1.8 Hz, 2H), 8.58 (s,
1H), 8.83 (d, J = 5.3 Hz, 1H). "*C NMR (100 MHz, CDCl3) ppm 22.2, 23.5, 24.8, 29.9,
45.5, 65.6, 116.2, 119.7, 127.7, 129.5, 132.37, 135.3, 160.0, 166.8. HRMS (ESI) calcd.

for C17H9NsO [M + H]" 310.1662, found 310.1688.

4-(tert-butyl)-2-chloropyrimidine-5-carbonitrile (4.14)
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To a solution of 2.4i (0.6 mmol) and antimony(III) chloride (1.2 mmol) in anhydrous
chloroform (5 mL) under argon atmosphere was added iso-pentyl nitrite (2.0 mmol) very
slowly. The reaction mixture was stirred in reflux for 7 h. The reaction mixture was then
poured into a saturated sodium bicarbonate aqueous solution. The mixture was filtered
through Celite™. The filtrate was extracted with diethyl ether. The organic layer was
washed with brine, dried over sodium sulfate, and the solvent was removed under
reduced pressure to afford the crude product as a yellow oil. Purification by flash column
chromatography on silica gel (ethyl acetate/hexane, 1:10) affords 4.14 as a colorless oil
(30%). "H NMR (400 MHz, CDCl;) ppm 1.46 (s, 9H), 8.71 (s, 1H). >C NMR (100

MHz, CDCl3) ppm 28.7, 29.9, 40.3, 105.8, 115.6, 163.0, 164.1, 183.0.

Carbamimidic chloride hydrochloride(4.15)

Cl

PN

H,N"SNH- HCl

To a solution of cyanamide (11.7 mmol) in diethyl ether (50 mL) was added HCI (g) for
30 min. The reaction mixture was stirred at room temperature for an additional 5 h. The
reaction mixture was filtered through Celite™. The residue was rinsed with lots of

diethyl ether to afford the crude product 4.15 as a white solid (0.40g, 30%), which was
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used in the next step without further purification. '"H NMR (400 MHz, DMSO) ppm 6.25

(br. s, 2H), 12.17 (br. s, 2H). *C NMR (100 MHz, DMSO) ppm 155.2.

2-Chloro-4-isobutylpyrimidine-5-carbonitrile (4.16)

To a solution of 4.15 (0.5 mmol) and 2.3d (0.4 mmol) in anhydrous 1,4-dioxane (3 mL)
under argon atmosphere was added triethylamine (0.5 mmol). The reaction mixture was
stirred at reflux for 13 h. The reaction mixture was then concentrated under reduced
pressure. The residue was extracted between DCM and water. The organic layer was
dried over sodium sulfate, and the solvent was removed under reduced pressure to afford
the crude product as a yellow oil. Purification by flash column chromatography on silica
gel (ethyl acetate/hexane, 1:3) affords 4.16 as a colorless oil (40%). 'H NMR (400 MHz,
CDCl3) ppm 0.98 (d, J = 6.7 Hz, 6H), 2.12-2.25 (m, 1H), 2.66 (d, J = 7.3 Hz, 2H), 5.49
(s, 2H), 8.45 (s, IH). “C NMR (100 MHz, CDCl;) ppm 22.6, 22.7, 28.8, 45.6, 116.7,

162.1, 162.9, 175.0.
4-(Benzyloxy)-2-chloropyrimidine (4.17)

Cl
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L
s



